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@) A rising flow separator for a two-piiase iiquid-gaa or liqidd-vapour mbcture. 

@ An apparatus is disclosed for performing the separation 
of components or phases of a !iqufd-gas or liquid-vapour 
mixture by centrifugation of the mixture obtained following 
the passage of the rising flow of the mixture Itself through a 
stationary blading located at the bottom of a separation 
chamber comprising a tubular body closed at the top, in the 
peripheral wall of which a plurality of holes for the delivery 
at different levels of each compound or phase which has 
been separated are arranged. 
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1. Ansaldo Componenti S.p.A. 

2. Comitato Nazionale per la Ricerca e per lo Sviluppo 
dell 'Energia Nucleare e delle Energie Alternative 

" A rising flow separator for a two-phase liq uid-gas or 
liquid-vapour mixture ." 

DISCLOSURE 

The present invention relates to an apparatus for the 
separation of the components or phases of a liquid-gas or 
liquid-vapour mixture in rising motion which uses the 
5 effects of centrifugal force to separate said two compo- 
nents or phases having a different density. 

Apparatus of the above mentioned kind are known and 
find a specific use in conventional or nuclear-powered 
steam generators for the separation of the two-phase 
10 mixture steam-water and are located in the interior of 
the generators themselves in an environment which is 
filled, up to a given level, with the liquid phase. 

In such apparatus the separation of the phases of a 
liquid-gas of 1 i qui d-vapour mi xture is effected by centri- 
15 fugation promoted by a suitably shaped stationary blading 
located in the path of the rising flow of said mixture. 
As a consequence of said centri fugati on a vortex is 
created constituted by a nucleus of the lighter phase, 
i.e. the gas, surrounded by a thin layer or film of the 
20 heavier phase, i.e. the liquid. The above mentioned 
vortex is contained into a separation chamber which is 
generally provided with a top axial outlet for the lighter 
phase and either one or several radial outlets for the 
heavy phase. Whereas the separated light phase flows 
25 through said top axial outlet, a chamber, concentrical 
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and external with respect to said separation chamber 
collects the separated heavy phase, and owing to the 
effect of the force of gravity, conveys it downwards 
where it is discharged through discharge outlets. 

The abovementioned known apparatus have the drawback 
in that they show acceptable performances only within a 
limited range of operative conditions; this in particular 
with regard to the rate of the two phases entering into 
the separator and the irainersion depth of the .col lection 
chamber, which originates a hydraulic head acting on 
the delivery outlets for the separated liquid phase. 
An appreciable dependency of the performance upon the 
instantaneous fluctuations of the single flow rates also 
exists, caused by the kind of motion of the two phase 
mixture which is set up in the Inflow conduit upstream 
of the separator. 

The aim of the present invention is to overcome the 
abovementioned inconveniences, of the conventional 
similar devices or at least to minimise said inconveni-. 
ences, by providing an apparatus wherein both the phases 
constituting the mixture are made to come out at different 
levels through outlets anyhow distributed along the peri- 
pheral wall of the separation chamber closed at the top 
eliminating for the gaseous phase the possibility of a 
direct exit through the top axial opening In said chamber 
adopted up to now in the known separators. 

Thanks to the aforesaid artifice, the lowermost located 
outlets in the peripheral wall of the separation chamber 
are committed to the discharge of the liquid phase which 
constitutes the external envelope of said vortex while 
those at the top are committed to the discharge of the 
gaseous phase. 
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However, there Is no net boundary between the outlets 
destined to the discharge of the liquid phase and those 
destined to the discharge of the gaseous phase. As a 
matter of fact the distribution between the former and 
5 the latter Is automatically established with relationship 
to the operating conditions of the apparatus (flow rates 
of the single phases, hydraulic heads on the outflow out- 
lets for the liquid). 

The variation of one of the above menti^oned parameters 

10 causes a change of pressure in the separation chamber; a 
negative feedback is set up, which for an Increase in gas 
pressure causes an Increase in the delivery outlets at 
the disposal of the gaseous phase. This favours, besides 
the stabilization of the operation of the apparatus, the 

15 achievement of higher performance, such as, for Instance, 
an appreciable separation capability of the phases or 
components of the mixture within wide limits. The motion 
of the two-phase mixture at the Inlet of the apparatus is 
on average a stationary one, but generally characterised 

20 by oscillation of the instantaneous flow rates of the two 
phases . 

The performance of the apparatus of the invention is 
good in a range of operating conditions which is apprecia- 
bly wider than that of the known similar apparatus. 

25 Differently from the conventional apparatus, wherein 
the discharge of the phases occurs through fixed and 
distinct outlets, in the invention the quantity of outlets 
utilized for the outflow of the separated phases is vari- 
able as a function of the operating conditions. 

30 The geometry adopted for the separation chamber and 
the mode of extracting the two phases from it according 
to the present invention reduce moreover the possibility 
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of stagnation points for the liquid phase which constitute 
the source of possible re-mixing of the two separated 
phases because in the separation chamber the motion is 
directed upwards. 

The separated liquid and gaseous phases, outflowing 
from the separation chamber, arrive Into an annular exter- 
nal chamber which surrounds coaxial ly the separation cham- 
ber and which is provided at its top with an orifice for 
the discharge to the exterior of the gaseous phase, and at 
the bottom with a series of peripheral apertures for the 
discharge of the liquid phase. 

Experimental laboratory tests, performed on exemplary 
prototypes of small and large scale in a wide range of 
experimental situations, have evidenced a surprisingly 
high capability of separating the phases or components 
of the process mixture within wide limits. 

The present invention will be better disclosed 
hereinafter from the description of preferred embodiments, 
given as a non limiting example, with reference to the 
attached drawings, wherein: 

figure 1 is an isometric view, with missing parts, 
of a first embodiment of the apparatus In question; 

figure 2 is an isometric view similar to figure 1 of 
a second embodiment of the apparatus in question; and 

figures 3a) and b) are sectional views and elevation 
views, repectively, of a third embodiment of the appara- 
tus in question. 

Passing to study figures 1 and 2 wherein a first and 
a second substantially similar embodiment of the present 
invention are shown and in which the same components are 
indicated with the same reference numbers, number 1 indi- 
cates the inlet pipe which conveys with a rising motion 
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the two-phase mixture to be divided into single phases 
Into the separation chamber 2 comprising a tubular body 
with a closed top end having a cylindrical shape in the 
embodiment of figure 1 and a substantially f rusto-coni cal 
5 shape in the embodiment of figure 2. 

In the interior of the bottom portion of the separa- 
tion chamber 2 a vortex generator 3 is installed compri- 
sing a suitable fixed blading shaped in order to impose 
on the rising two-phase mixture an helical mation such 

10 as to create a field of centrifugal force suitable for 
separating the two phases of said mixture having a dif- 
ferent density, as will be better explained hereinafter. 

Over the vortex generator 3 are machined into the 
peripheral wall of the separation chamber 2 a plurality 

15 of outlets 4 uniformly distributed for the outflow at 

different levels of the separated phases of said mixture. 

At the exterior of the separation chamber 2» In a 
spaced and coaxial relationship is mounted on a support- 
ing annular plate 5, integral with the lower end of the 

20 separation chamber 2, a cylindrical tubular wall 6 suit- 
able for constituting a collection chamber 7 for each 
separated phase, to convey them to the respective outlet 
ports constituted, for the gaseous phase, by an orifice 8 
shaped in a central position in the cover 9 of chamber 7, 

25 and for the liquid phase, by several openings 10 machined 
in an equally spaced manner ci rcumferential ly at the 
base of wall 6. 

As may be derived from the above and from a study 
of figures 1 and 2, the sole difference existing between 

30 the first and the second embodiment of the apparatus 

according to the present invention consists in the shape 
of the separation chamber 2, which is cylindrical in the 
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first embodiment and substantially f rusto-coni cal in the 
second embodiment. 

The reasons which have led to the adoption of the sub- 
stantially f rusto-coni cal shape of the separation chamber 
5 2 of figure 2 are due to the ability to obtain a great- 
er spacing between the wall of said chamber and the ex- 
ternal wall 6 in order to allow a greater passage area in 
the annular chamber 7 so as to reduce the outflow velocity 
of the two phases thus limiting both the possibility of 

10 entrainment of liquid by the gas or vapour, and the pos- 
sibility of entrainment of gas or vapour by the liquid. 

With reference now to figures 3a} and b) wherein a 
third embodiment of the apparatus of the present inven- 
tion is shown, and wherein the same elements already 

15 described with reference to the previous embodiments are 
indicated with the same reference numbers shown in figures 
1 and 2 and without a further disclosure, one may see that 
the separation chamber comprises a lower part 11 consti- 
tuted by a cylindrical tubular body wherein the vortex 

20 generator 3 is located, and a distinct and separated upper 
part 12 constituted by a f rusto-coni cal tubular body on 
the peripheral wall of which are machined a plurality of 
outflow ports 4 for the separated phases of the mixture 
being processed, said upper part 12 being surrounded in 

25 a spaced and coaxial relationship by the cylindrical 

tubular wall 6 mounted on the annular supporting plate 5 
to create, as abovementi oned, a collection chamber 7 for 
the separated phases of the mixture and to convey them 
to the respective discharge outlets constituted, as in 

30 the previous instances, by an orifice 8 in the cover 9 of 
of the chamber 7 and by several peripheral openings 10 at 
the bottom of the wall 6. 
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In the present embodiment the upper part 12 of the 
separation chamber Is provided circumferenti a1 1y and at 
the top with a number of ports 13 having dimensions sub- 
stantially greater than those of the openings 4 In order 
5 to promote the outflow of the gaseous phase near the dis- 
charge orifice 8 while at its lower end a film-scraper 
device, generally shown as 14, is provided to promote 
the outflow of the liquid phase near the discharge open- 
ings 10, said device comprising an annulaj;* member 15, 

10 peripherally fastened at the exterior of the lower end 
portion of the upper part 12 of the separation chamber. 
Integral with a short shell 16 which extends downwards. 

For the assembly of the two separate parts of the 
separation chamber, the top terminal portion of the lower 

15 part 11 Is fastened to the central opening of the annular 
plate 5 so as to protrude for a short distance above the 
latter in a spaced relationship with respect to the film- 
scraper device 14 while the upper part 12 is fastened to 
the lower part 11 by means of an adequate number of 

20 welding spots which unite the portion of the latter that 
protrudes under plate 5 to shell 16 of the film-scraper 
device 14, 

In the operation of the apparatus of* the present in- 
vention, in the embodiments disclosed with reference to 

25 figures 1 and 2, a two-phase mixture is conveued through 
the in-flow pipe 1 to the separator in question. In 
passing through the vortex generator 3, the mixture 
acquires a helical motion and due to the effects of the 
centrifugal force field thus set up, the separation of the 

30 two phases having a different density occurs, with the 
formation of a nucleus constituted by the lighter gaseous 
phase surrounded by a film constituted by the heavier 
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liquid phase. The liquid phase then contacts the internal 
wall of the separation chamber 2 and is gradually expel- 
led into the collection chamber 7 through the openings 4 
located at a lower height while the gaseous phase contin- 
uing in its rising motion is also expelled Into the col- 
lection chamber 7 through the openings 4 located at a 
greater height. 

In passing through the openings 4 the rotational motion 
of the two separated phases Is substantially reduced so 
that in the collection chamber 7 the liquid phase flows 
downwards by gravity arriving at the outlet ports 10 
which put It into comraunication with the exterior while 
the gaseous phase flows upwards until coming out through 
the discharge orifice 8. 
15 The dimensions of both the orifice 8 and the openings 
10 should be conveniently selected with reference to the 
operating conditions so that In the collection chamber 
7 an hydrostatic head sufficient to prevent the exit of 
the separated gaseous phase through the discharge outlets 
for the liquid is always present. 

The subdivision between the openings 4 of the separa- 
tion chamber 2 committed to the outflow of the liquid 
phase and those committed to the outflow of the gaseous 
phase depends, as aboveraentioned. upon the operating 
25 conditions (flow rate of the two phases, hydrostatic 

heads) which also influence the pressure conditions set 
up in the interior of the separation chamber 2 owing to 
head losses caused by the outflow openings 4. Said 
pressure, by means of its variations, limits the varia- 
tions in the subdivision of the respective openings 4 of 
the separation chamber 2 committed to the outflow of the 
two phases. 
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The possibility of pressure changes in the interior 
of the latter, causes a negative feedback effect with a 
stabilizing action; a wide range of operating conditions 
results therefrom, in which the performances of the 
5 separator are appreciably higher. 

Insofar as the operation of the apparatus according to 
the invention in the embodiment described with reference 
to figure 3 is concerned, it should be remarked that it 
is performed substantially in the manner previously dis- 

10 closed with the exception that: normally a prevailing 
part of the liquid phase outflows from the separation 
chamber through the passage between the upper end part 
of the lower part 11 of said separation chamber and the 
shell 16 of the film-scraper device 14, when the liquid 

15 film that surrounds the gaseous core in said vortex 

formed in passing through the vortex generator 3 Impinges 
in the helical rising motion against the peripheral lower 
surface of the annular member 15 of said device; the 
gaseous phase is discharged from the upper part 12 of the 

20 separation chamber into the collection chamber mainly at 
the top through the openings 13 near the orifice 8 for 
the outflow to the exterior. 

These arrangements allow the limiting of the speed 
within the Interior of the separation chamber and the 

25 collection chamber even with reduced radial dimensions. 

The present invention is not limited to the disclosed 
embodiment example, but encompasses any change or modifi- 
cations of the same. 
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CLAIMS 

!• A rising flow separator for a two-phase liquid-gas 
or liquid-vapour mixture, comprising: a tubular chamber 
for the separation of the phases of said mixture; a 
vortex generator device located in correspondence with 
the inlet of said separation chamber; a col lectin^- chamber 
external and coaxial with respect to said separation 
chamber; said separator being characterized in that said 
separation chamber is provided with a top closure cover 
and in that in the peripheral wall of said separation 
chamber a plurality of openings is provided for the out- 
flow at different levels of the separated phases of said 
mixture and that said collection chamber is provided at 
the top with an orifice for the discharge of the separa- 
ted gaseous phase and at the bottom with at least one 
aperture for the discharge of the separated liquid phase, 
the subdivision of said openings committed to the outflow 
of the separated gaseous phase and those committed to 
the separated liquid phase being dependent upon the 
operating conditions which also affect the pressure in 
the interior of said separation chamber so as- to produce 
a counterpressure apt to allow the damping of the fluctua- 
tions of said two phases. 

2. A separator according to claim 1, wherein said 
separation chamber is constituted by a tubular cylindri- 
cal body with the top end closed. 

3. A separator according to claim 1, wherein said 
separation chamber is constituted by a f rus to-coni cal 
tubular body with the top end closed. 

4. A separator according to claims 1 to 3 wherein said 
vortex generator device is constituted by a fixed blading. 

5. A separator according to any of the preceding claims 
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wherein said discharge orifice of the gaseous phase 
separated in said collection chamber is obtained at the 
center of the cover wall of said collection chamber. 

6. A separator according to any of the preceding claims 
5 wherein at the bottom of said collection chamber a number 

of openings are provided, being peripherally arranged for 
the discharge of said separated liquid phase. 

7. A separator according to any of the preceding claims 
wherein said separation chamber is provided at its top 

10 with a series of peripherally arranged openings to facili- 
tate the outflow of said separated gaseous phase, in par- 
ticular near said discharge orifice in said collection 
chamber . 

8. A separator according to any of the preceding claims 
15 wherein downstream of said vortex generator device a film- 
scraper device is provided to facilitate the outflow of 
said separated liquid phase through an annular opening 

in said separation chamber, in particular near at least 
one of the discharge openings in said collection chamber. 

20 
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(57) An apparatus is disclosed for performing the separation 
of components or phases of a liquid-gas or liquid-vapour 
mixture by centrifugation of the mixture obtained following 
the passage of the rising flow of the mixture itself through a 
stationary blading (3) located at the bottom of a s^aration 
chamber (2) comprising a tubular body closed at the top Jn 
the peripheral wall of which a plurality of holes (4) tor the 
delivery at different levels of each compound or phase which 
has been separated are arranged. 
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